Abstract -Finding potent multi-drug combinations against cancer and bacterial infections is a pressing therapeutic challenge; however, screening all combinations is difficult because the number of experiments grows exponentially with the number of drugs and doses. To address this, we present a mathematical model which predicts the effects of three or more antibiotics or anti-cancer drugs at all doses based only on measurements of drug pairs at a few doses, without need for mechanistic information. The model provides accurate predictions on previous data for antibiotic combinations, and on experiments presented here on the response matrix of three cancer drugs at eight doses per drug. This approach opens a way to search for effective multi-drug combinations using a small number of experiments.
I. PURPOSE
REATING cancer with combinations of drugs plays an important role in controlling the disease and making it chronic but bearable [1] . Drug cocktails of three or more drugs can eliminate acquired resistance, be effective at low doses thus minimizing side effects, and can also provide the freedom to rationally design specific cocktails for different pathologies and individual patients [2] [3] [4] .
However, screening all possible combinations for every disease is impossible because the number of experiments needed grows exponentially with the number of drugs and doses.
Recently we developed a model which describes how multiple cancer drugs interact to affect cells [5] . We tested the model by measuring the response matrix of three cancer drugs at eight doses per drug. We find that existing approaches (such as Bliss independence model [6] [7] ), do not accurately predict the response matrix. We therefore introduce a new and relatively simple model for drug cocktails. This model predicts high-order combination effects at all doses based on measurements on single drugs and drug pairs at a small number of doses.
The model provides accurate predictions the three anticancer drug dose-response matrix measured by us, and available data on antibiotic effects on bacterial growth rate [8] , even in cases where synergy and antagonism is strong. This model is especially noise resistant because it interpolates between dose measurements.
The model may be used to make accurate predictions of multiple drugs based on only a few measurements of single and pair effects, thus bypassing the need for an exponentially large number of measurements.
II. CONCLUSION
We found a mechanism-free formula that predicts effects of multiple drugs at all doses based on measurements of drug pairs at a few doses.
The formula bypasses the combinatorial explosion problem by greatly reducing the number of measurements needed to design optimal cocktails for cancer and infection.
